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(f)repared by Miss M. Welch), especially since most of
the articles are in readily accessible journals.

The weather factor in the great war. [Title varies.} (Popular sci.
menthly, N. Y. v. 85. Dec. 1914, p. 604-613: Journal of geog-
raphy, Madison, Wis. V. 13. Feb., Mar.,June, 1915. p. 169-171;
209-216; 315-317. V. 14. Nov., 1915; June, 1916. p. 71-76;
373-384. V.15. Nov., 1916; Apr., 1917. p. 79-86; 245-251. V.
16. Oct., Nov., 1917; Apr. 19I8. p. 47-51; 36-90; 291-300.)

Weather and the war. (Journal of the military service -iffStitution,
Governor’s Island, N. Y. v. 61. July-Aug. 1917, p. 43-50;
Sept.—Oct. 1917, p. 145-155; Nov.-Dec. 1917, p. 293-302.)

Weather controls over the fighting in the Italian war zome. (Sci.

monthly, N. Y. v. 6, Feb., 1918. p. 97-105.)

Weather controls over the fighting in Mesopotamia, in Palestine, and
near the Suez Canal. (Sci. monthly, N. Y. v. 6, Apr., 1918.
p- 289-304.)
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Weather controls over the fighting during the spring of 1918. (Sci.
monthly, N. Y. v.7. July, 1918. p. 24-33.)

Weather controls over the fighting during the summer of 1918, (Sci.
monthly, N. Y. v. 7. Oct. 1918. p. 289-298.)
Weather controls over the fighting during the autumn of 1918. (Sci.

monthly, N. Y. v. 8 Jan., 1919. p. 1-15.)

In The Windsor Magazine (Iondon), a British author,
E. D. Ushaw, has published on the same subject from
somewhat different sources. See extensive quotation in
The Literary Digest (New York), Mar. 29, 1919, pp. S8,

91 and 94.—c. F. B. ————

MEASUREMENTS OF THE SOLAR CONSTANT OF RADIATION.
By C. G. AsBor, '

Assistant Secretary of the Smithsonian Institution.

By invitation of Prof. Marvin, Chief of the United
States Weather Bureau, the Smithsonian Institution
will communicate from time to time, as received, the
measurements of the solar constant of radiation which are
being made by its observers at Calama, Chile. The
present paper gives in Table 1 the values which have been
received hitherto from the station, beginning with July 27,
1918.

The values are being communicated daily by telegraph
from Calama to Buenos Aires and by letter to Rio de
Janeiro, as the meteorological services of Argentina and
Brazil are conducting a test of their value for purposes of
forecasting. The usefulness of the solar constant re-
sults for this purpose is not so firmly established as to
warrant the expense of telegraphing the results to the
United States, but in order to put them as speedily as
feasible before meteorologists, Prof. Marvin has thought
good to arrange for their regular publication in the
MonTHLY WEATHER REVIEW.

It is to be understood by the reader that these values
are preliminary, and subject later to detailed revision
and occasional change as tfley will be published in extenso
by the Smithsonian Institution; but the changes which
will be made in such revision will probably be small, and
oftentimes no change at all will occur.

The solar constant of radiation as here defined is the
intensity of the solar radiation as it would be outside of
the earth’s atmosphere at mean solar distance. It is
determined by the use of the spectro-bolometer and
pyrheliometer in the manner described by the writer in
the MontHLY WEATHER REVIEW for January 1919
(vol. 46, pp. 1-3), where an account of the South American
Expedition of the Smithsonian Institution is given.

Iln the following publications we shall give values of the
solar constant in calories per square centimeter per
minute, values of the atmospheric transmission coefficient
at wave length 0.50 microns, indications of the trust-
worthiness of the results, indications of the humidity
of the air prevailing at the earth’s surface and also as
integrated through the whole path of the earth’s atmos-
phere between tie observer and the sun, and, finally,
notes as may be desirable, explanatory of the results of
individual days.

In estimating the trustworthiness of the individual
values, the following criteria are employed: First, as to
the internal evidence of the goodness of the observations.
This depends upon the mutual support offered by the
six bolographic observations of a given day. If the
transparency of the atmosphere remains unchanged

during the several hours required to determine it, the
logarithms of intensities at each of the several wave
lengths where measurements are made in the solar
spectrum should be proportional to the air mass tra-
versed by the solar beam in the atmosphere. In other
words, the logarithmic plot whose ordinates are loga-
rithms of intensity and whose abscissee are air masses
(or roughly secants of the sun’s zenith distance) should
approach a straight line for each individual wave length
in the spectrum. Noting the proportion of 40 different
wave lengths for which this criterion is well supported
on a given day, the observers draw their conclusion as to
whether the constancy of the transparency for the day
was excellent, very good, good, or poor, and they indicate
this judgment by the letters E, VG, G, and Some-
times they further qualify these characters by the
symbols + and —. Thus E— indicates a day on which
the logarithmic plots were generally very straight, but
not quite as satisfactory as for a day marked E. 'When
the mark given is E 4, it indicates that no improvement-
on the merit of the day from the point of view of the
logarithmic plots could reasonably be hoped for. Days
marked G—, or P are entitled to little weight unless
the defect of the observations should be explainable b
reason of earthquakes or magnetic storms which, while
they might introduce irregularities in the spectro-
bolographic determinations, would yet be independent
of variations of the transparency of the air.

It is a weakness of the method that the determina-
tions of the atmospheric transmission require several
hours of unchangedp transparency of the air. We are
developing an empirical method, based upon the full
spectro-bolometric method, by means of which we hope
to shorten the period required to determine the solar
constant to a few minutes, and it is possible that the
application of this new method may enable us to mate-
rially improve the results.

Further conclusions as to the merits of individual
determinations are based upon visual examination of the
sky during the period of observation. If cirrus clouds
are seen in the same quarter of the sky as the sun, and
especially if they spring up during the observations, or
pass off during the observations, this fact tends to
weaken the day's result. Also, if there has been during
the days immediately preceding, or if there follows in the
immediately succeeding days, a period of cloudiness,
this weakens the result. Special considerations of this
character should be taken into account in the estimation
of the merit of the day. It is regretted that the sky has
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not proved as free from clouds at Calama as available
meteorological ohservations led us to expect before we
established the solar station there.

Further considerations are based upon the degree of
humidity prevailing and op the substantial constancy
or variabinty of it during the observations. Three
columns are devoted to humidity. The first, designated
by p/psc indicates the relative intensity in the middle of
the water vapor band called by Langley. p, o, 7, as
compared with the intensity indicated by the smooth
curve over the top of the band, or in other words as it
would be observed by the bolometer if the humidity
were zero. This ratio for p/pse gives thus an index of the
integrated bumidity prevailing between the observer
and the outside limit of the atmosphere in the direction
of the sun.

The second and third columns of humidity give the
observed vapor pressure and relative humidity prevailing
at the station as measured by the Assmann ventilated
psychrometer. All humidity values given relate to the
alr mass where secant z equals 3.0,

TasrLe 1.—Solar constant, utwospleric transinission, and atwmospheric
moisture ralucs, measured at Calama, Chile, July, 1918, to January,
1919, inclusive,

| Trans- Humidity

mis- {Airmass=3.}.

Solar R
Date, 4. 31 0T "p. | Grade, | 2081 | ! Remarks.
PN, vient

stant. g v p| Rel
at 0, Joso | V- Pl hum
ml- | PIPse 1 ey | FOR.

eron. [

July 27,A. M., 14
28, a.M.4 1 20

29, A. M 2‘:’;

o

30, o.M .
23 | Cirri int south and west.

15 | Sceme cirri.

15 | Scattered cirri and cumuli
at 11 a. m. Almost en-

tirely overcast by 2 3 m,
23 | Low cumuliin east, Small
floating clouds high in

south.
28
9
10
12
18
12
12
13
15
19
29
21 | Considerable cumulus in
north and east. Cirri
near sun latter part of ob-
servation.
Sept.1,A.M...) LGS0 | VG— ) .855| .448] .23 27
6,A.M.. | 1,u37 [ VG+ .| 845 381 .3% 61 | Bank of cumulus in east,

also in northwest,

T,am...| 195l [E—__] .s60] .542) 18| 24
8, A M... Se2 | 75| .09 15
9, A.M... So6 | .68 | 07 11 .
14, AN, SuB [ .53l | .20 41 | Patches of cirrus not far
from sun,
15, a.m...0 1935 | VG— | .se3| .o | 15| 27
16, A.M...| L9s0 | E.. .. S5 4T LB 10
17,A.M... 5 .86 L6t | .05 s
18, AL M... LB91 (L0 15
1%, AL M. 7287 .10 15
21,P.M... A2 . 14 | Considerable cirrus in west
and east.
A6 .19 25 | Considerable cirrus.
LG97 [ L08 12 | Cirri low in north and east.

657 | 13| 20

683
LT3 W07 6 | Cirrl in east,

Fesruary, 1919

TABLE 1.—Solar constant, atmospherie {ransmission, and atmospheric
moisture valucs, measured at Calama, Chile, July, 1918, to Jannary,
1919, inclusive—Continued.

1
Trans-| Humidity
mis- (Alr mass=3).
Solar Stemy
D utel; AI\.IM. O con- | Grade, E(.ﬁg; : Remarks,
b stant. H . Rel.
at .3 V.DP.
mi- | Plee | em, h(}-m"
cron. A
J 1.9 08 13 | Low cirrus in south.
1 .10 18
1.4 U7 11
L 0B 10
1.4 06 9
1 .08 12
1.0 07 12
1.8 [0 13
L. L0l 12
Lt 07 3
Ly ] 11 | Cirri all around
1 20 13 | Cloudiness in east,  Seat-
tered eirriin north, south,
) 3 . and low in west.

4, p. Mo LG | Gl W65 4TS | L35 18 | Cumuli in east. Line of
small eirro-cumuli  in
sputhwest.

15, A M...| 1.957 A5 | L18 ) 24 | Dank of ¢irrus in northeast.

15, A, M_..] 1941 433 1 .20 41

17, A. M., 1,435 L4556 .3 31 | Consideralle cirrus  in

i northeast.

15 A, | 1,939 3|01

{ .13 15 | Cirrl in north.
.15 24 | Cirriin northeast.
38 19 | Scattered cirri,
.23 33 | Cirri in north and east.
.17 27
17 24
21 33 | Cirriin novtheest.

.15 | 32| Cirrj low in northeast.
2 CirriIn cast.

Nov.1, 4. M...

A7 24 | Low cirri in west.
14 18 | Cirri in cast.
.15 18

9, A M...| 1LY31 6 23 | Seattered eirri,

2, p M. Lubd .24 11 | Cirrus in north and cast,
with two patches below
sun in west.

13, A .. | L .12 22 | Rome virri in cast,

15,0, M...| 196D 32 15 | Cirriin east, but disappear-
ingz.

16, A M. 1,924 .23 | 30| Some cirrd in northeast.

17, A. M., | 1434 .21 2 | Low bank of cirrusin
northeast,

18, A. M...| 1,945 .31 31 | Thick bank of cirrus in
east helow sun,

19, AL M...) 1 U381 .28 31

20, A, M...| 1.U63 =) 47 | Cirri in morth and vast
More furming continually.
21, P M. L4 .33 15
22, p. ML) 1 u62 .3l 15 } Cirrus in north.
23,p.M...[ L.y72 .34 17 | Cirrl in north and east—
increasing,

25, A, M...| 1990 43 58 | Cirri in north, southwest,
and low in east.

26, A, M...| 1.924 28 36 | Cirroeumuli in east and
west.

2,r.M...] 1,925 24 13 | Cumuli in east and sounth.

28, P M...| .17 W28 2 | Floating clouds in south-
west and in cast.

20,P, M., [ 1Lu62 .2 13 | Few cumuli in east.

30, A M. Lu2% .18 23
Dec, 1, A, M...| L.U64 .21 24 | Few jilatches of cirrus in
north.

2,A. M., 1934 .21 26

3, A.M..| L967 .17 22

4,A. M. 1999 U] 13 | Cirrus  disappearing in

~ northeast.

5,P, M...| 1.u86 2 14 | Bcattered cirri.

G, P, M...| 1L ub .32 15

7,A. M._.| L.YS3 25 2

§ A, M. L.U25 .34 34 | Thin floating clouds in

south, southeast, and

southwest.

9,p.M...1 1,930 | Va4 1 .832] .392] .35 15
1 E.... . 28

o Floating clouds low in east.

i, am ) 1943 855{ .532 | .19| 20| Few patches of cirrus in
. _ northwest.

12, A.0M...| 1,951 | VG4~ ) .S62 | 551 .17 17 | Cirri moving rapidly from

I3, P.M.. 1 2,013 ¢ VG+ | .830( .491; .27 11

northwest.
22, A.M .. 1925 | VG4 .| .842| .359 | .52 51

Cirri seattered over sky with
large hank in west.

Cirrus in east and north-
east, disappearing.

23, A.M .| 1954 | E—_ | 851 ] .433| .37 42

W, AN L9521 E— 0 (834 (307! .31 35

27,A.M._.( 1.950 l B—...| 852 .532| .25 30 Smnllhpntch ol cirrus in

north.

25, AM. | 148 E—__ | .857| .522| .19 23 | Cirrus scattered over large
| part of sky.

AL,AM...l 112 E..... .808 | .429 35 41
|

1910, !

Jan, LA M. i L9600 E—. | .83, 433 .21 28
2,AM. | LO69 E—. . .83 46| . 27 | Bank of cirrusin northecast.
3AM.. ) 1.974 | E—__ | 8481 .428] .30 36 | Bank of cirrus in northeast,.
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TaBLE 1.—Solar constant, a.tm.osli)heric transmission, and atmospheric
motsture values, measured at Calama, Chile, July, 1918, to January,
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TABLE 1.—Solar constant, atmospheric transmission, and atmospheric
moisture values, measured at Calama, Chile, July, 1918, to January,
1919, inclusive—Continued.

Trans- Humidity Trans- Humidity
mis- (Air mass=3). mis- (Afr mass=3).
Solar slon Solar slom |___
Date, A. a. 0F | “conl | Grade. "e‘:‘:git . Remarks. Dat”i; A.M. 0T\ ‘eon- | Grade. nqefﬁt- Remarks.
stant. h Rel. - M, stant. ccn Rel.
at 0.5 y V.P, hum at 0.5 V.P. h
mi- | Pifso | oy 7| LML mi- | Plpse | o | Dum.
oron. 7o eron. 0.
S0 270 W48 15 Jan. 18,A.M_. ] L9781 VG— | ..858 | .495 | .31 32| Streaks of cirrus low in
843 336 39 39 | Cirri all around horizon. . west.
855 425 41 43 19,A.M, .| 1,952 | ¥—_.| .R73| .630| .23 28
S0 565 38 3% | Some cirriin east and north 20.A.M, .| Lain | VG4 ., .ST4| 445] .48 51
68 | .637 26 32 | Considerable cirrus in east 2A.A.M_ | L9321 VG4 f 83| 430 .39 42
anid south. 2.a.M, | L9 B | 0852 .38t .38 40 | Thin cirri on north and
S41 an 45 50 | Considerahle cirrus in east cumuli at horizon in east.
and north, with large 23, AM_ | L0 [ E—. .} M7 34| .39 3R | Patch of cirruis in southeast
patches in west. 28 AM. [ L9 | F—___ .83 .305| .40 48
17,p. M 1.939 | VG— 851 423 | .39 | 16 | Considerable eirrus in cast, 25 A, | LOGD | VG4 o 822 U311 58 | 61| Cirrus low in west.
but disappearing. 20, A.M. | 1926 | —...; 857 | .387 51 51 | Small patch of cirrus near
I horizon in east.

THE DIRECTION OF ROTATION OF CYCLONIC DEPRESSIONS.
By J. 8. Dines, Meteorological Office, London.

[Dated: Jan. 15, 1919.]

In a recent number of Nature (Dec. 12, 19181 I called
attention to the fact that there is no dynamical reason
why eyclonic cireulation should not take place in the op-
posite direction to thatcommonlye xperienced. That is,
clockwise circulation round a low pressure center may
theoretically occur in the Northern Hemisphere and
counter clockwise in the Southern. This result is appar-
ent on consideration of the gradient wind equation con-
necting the velocity 1~ with the pressure gradient v.

The equation is

%=2w.V. sin N+ 172, cot p/R

where D is density, w angular velocity of the earth, N lat-
itude, B radius of the earth and p angular radius of curva-
ture of the air path.

This equation being a quadratic in 17 has two roots, a
bositive one which corresponds with the normal circu-
}ation and a numerically larger one of negative sign cor-
responding with reversed circulation. Both these roots
represent a stable state and therefore the only reason
Wllli('h appears to exist to prevent the reversed cyclone
is that it can not get started, the rotation of the earth
inevitally causing counter clockwise rotation to be set
up in the Northern Hemisphere immediately any low
pressure center is formed.

In a circular c¢yclone of the reversed type if the pres-
sure gradient remain constant with increasing distance
from the center the wind velocity will hecome very great
in the outer regions, where p is large. It seems to follow
that in such a cyclone the pressure gradient must fall off
rapidly from the center and the steep gradient often
found over large areas in normal cyclones could not
occur in the reversed type.

In the case of circulation round a high pressure center
the positive sign in the above equation is replaced by a
minus sign. Two reots for 17 again appear, but in this
case both are of the same sign and therefore both corre-
spond with clockwise rotation in the Northern Hemi-
sphere.

Tt seems possible that the reversed cyclone may be
formed on a small scale by accidental causes such as an
eddy set up round a precipitous headland, and perhaps
under favorable conditions such a whirl might develop

into a tornado, retaining its clockwise rotation. Little
attention seems to have been devoted to the direction
of rotation of tornados and evidence on the point is
sometimes conflicting. Thus in the MoNTHLY WEATHER
Rzview for April, 1918, a whirlwind at Pasadena, Calif.,
was desceribed and Prof. E, Ellerman, of Mount Wilson
Solar Observatory, recorded his impression that the
rotation was clockwise.

The author of the paper apparently did not consider
this evidence conclusive and the question remains open.
One would like to impress strongly on observers of such
phenomena the importance of taking careful note of the
direction of rotation. A study of the damage along the
storm track should afford conclusive evidence in the
majority of cases. In this respect observers in the
United States are in a much more favorable position than
those in this country, owing to the extreme rarity of such
phenomena in Europe. '

An interesting fact which emerges from a study of the
roots of the equation is that whereas in the case of a large
depression the velocity in the reversed cyclone is de-
cidedly greater than in the normal type for any given
gradient, in small whirls of the tornado type it is almost
the same in either direction. There is thus no reason to
think that with a given decrease of barometric pressure
at the center the reversed tornado would be appreciably
more or less destructive than the counterclockwise type.

It has probably been generally recognized that a small
whirl can rotate in either direction, but the fact that the
same principle applies to a large cyclonic depression
appears to have escaped attention.

DISCUSSION.

While the main point of Mr. Dines’s paper is the proof
of the dynamie possibility and a call for observations of
reverse cyclones, the results of a further discussion of
this matter in the Central Office of the Weather Bureau
may be of interest.

A “gradient wind,” by definition, flows in a direction
perpendicular to the gradient and at such a velocity that
two of the three forces, (1) gradient, (2) deflective effect
of the earth’s rotation, and (3) centrifugal force, acting



